Recent clinical trials and registries on patients with cardiogenic shock (CS) have demonstrated the heterogeneity of this severely ill patient population with regard to etiology as well as clinical and hemodynamical presentation. [1] [2] [3] [4] The current understanding of the underlying pathophysiology that marks patients with an unfavorable course and lack of response to treatment is limited. This was evident in the recently published Triumph trial that addressed the possible adverse effects of a presumed excessive nitric oxide (NO) production secondary to inflammation in CS. 5 In this study, treatment with an unselective NO inhibitor in patients with persisting shock failed to reduce the duration of shock and mortality. However, observational studies have suggested that systemic inflammation and neurohormonal activation plays an important role in the pathogenesis of CS. 3, [6] [7] [8] [9] [10] The naturally occurring NO-inhibitor asymmetrical dimethylarginine (ADMA) has been implicated in the pathogenesis of endothelial dysfunction and several chronic cardiovascular disorders. [11] [12] [13] [14] In contrast to its increasing recognition as a risk marker in cardiovascular disease, little is known about ADMA's role in the acute setting. Experimental studies, however, have demonstrated adverse hemodynamic effects after systemic administration of ADMA in humans. 15 Furthermore, ADMA has been indicated to be an independent predictor for a poor outcome in critical illness and CS. 16, 17 Elevated levels of ADMA also have been observed in patients with acute decompensated heart failure as compared with chronic heart failure. 18 However, a recent study on acute heart failure failed to confirm these findings, and ADMA also did not seem to identify patients with increased risk for future cardiac events including episodes of decompensation. 19 However, at this time, the biological significance and possible regulatory role of ADMA as a modulator of NO production and thus as a vascular function in acute heart failure is not known.
It is necessary to characterize and establish the different factors modulating the circulation in patients with severe pump failure. Ultimately, these observations hopefully will identify and tailor an optimal medical treatment for different subgroups of patients.
The main aim of this observational study therefore was to examine the changes and possible relations among the endogenous NO inhibitor ADMA, vascular vasodilator function and markers of inflammation, and endothelial activation during the course of severe acute heart failure (ie, CS and postcardiotomy heart failure). In addition, we assessed their association with organ dysfunction and patient outcomes.
METHODS
Study population. The study population consisted of 24 prospectively included patients admitted to the intensive care unit (ICU) or coronary care unit (CCU) at the University Hospital of North Norway between 2007 and 2009 with either CS or postcardiotomy heart failure (PC-HF). Our institution is a university hospital serving a population of approximately 500,000. Informed written consent was obtained from each patient if possible or the nearest relative. The study protocol was approved by the regional ethics committee (REK-Nord 51/2004) and conforms with the ethical guidelines outlined in the Declaration of Helsinki.
CS was defined as cardiac dysfunction with persistent hypotension (systolic blood pressure ,90 mmHg) or the need for vasopressor/inotropic drug support to keep systolic blood pressure greater than 90 mmHg in combination with signs and symptoms of tissue hypoperfusion despite a correction of preload. Signs of systemic hypoperfusion included altered mental state, cool skin and extremities, low urine output (,0.5 mL/kg/h), or elevated arterial lactate. PC-HF was defined as inadequate cardiac performance after open-heart surgery in need of inotropes/vasopressors and/or mechanical circulatory support for more than 2 h after surgery with or without signs of systemic hypoperfusion. The PC-HF group did not include patients where an intra-aortic balloon pump (IABP) was implanted preoperatively to improve AT A GLANCE COMMENTARY Hermansen S, et al.
Background
Systemic inflammation and elevated levels of the endogenous NO-inhibitor asymmetrical dimethylarginine (ADMA) are associated with poor outcomes in acute severe heart failure. How these risk markers relate to each other and their significance in the pathophysiology and vascular dysfunction in the course of cardiogenic shock (CS) is, however, unknown.
Translational Significance
We observed a marked inflammatory response and attenuated vasodilator function in the acute phase of CS. ADMA correlated to the degree of hypoperfusion and organ dysfunction. A substantial degree of individual and time-related fluctuations in these parameters demonstrates the challenges in clarifying the pathophysiological mechanisms in the circulatory dysfunction during CS. a critical coronary perfusion in otherwise circulatory stable patients, and this support was continued postoperatively without the need for additional inotropic support. Exclusion criteria were age ,18 years and recent major surgery other than heart surgery. Data on prior medical history were obtained from the patients medical charts at study entry. Basic hemodynamic variables including mean arterial pressure (MAP), heart rate (HR), central venous pressure, and blood gas analyses (arterial pH, base excess) were recorded at study inclusion in all patients and thereafter daily at the time of the vascular functional assessments. Invasive hemodynamic monitoring with pulmonary artery catheter was not obligatory in the study protocol and only applied on clinical indication. To give an estimate of the severity of circulatory compromise, the concomitant requirements of inotropic and/or vasopressor agents were presented as total vasopressor dose (epinephrine 1 norepinephrine) and inotropic score (IS). IS summarizes the total dosing equivalents of inotropes and vasopressors in mg/kg/min (dopamine 1 dobutamine 1 milrinone 3 15 1 epinephrine 3 100 1 norepinephrine 3 100). 20, 21 The occurrence of organ dysfunction and failure, from admission through day 4, was assessed by the Sequential Organ Failure Assessment (SOFA) score. 22 The maximal SOFA score was calculated based on the worst score for each organ component in this time period. The neurological subscore was not included because of the high number of patients under sedation both at onset of heart failure and during ICU/CCU treatment. A SOFA subscore $3 was defined as organ failure.
Blood sampling and biochemical assays. Blood samples were collected in ethylenediaminetetraacetic acid containing tubes at baseline (day 1) and for the next 3 consecutive days. Plasma samples were frozen immediately after centrifugation and stored at 270 C until subsequent analysis. To determine plasma ADMA concentration, samples were assayed using a commercially available competitive enzyme immunoassay kit (ADMA-ELISA, DLD Diagnostika GMBH, Hamburg, Germany). As a normal control, ADMA levels were determined in plasma from 12 healthy volunteers (mean age 5 35 years 23, 24 Measurements were performed bedside at study inclusion and for the next 3 consecutive days with patients in a supine position. Reactive hyperemia was induced by a 5-min occlusion of the upper arm at approximately 60 mmHg higher than systolic blood pressure. Both sides were measured simultaneously to allow for adjustments of systemic changes in arterial tone by correcting for changes in the nonoccluded arm. Results were analyzed using automated analysis software (EndoPAT 2000 software version 3.1.2) that calculates a ratio between baseline and hyperemic pulsatile volume changes presented as a reactive hyperemia index (RH-index). The RH-index was measured in 10 healthy volunteers with a mean RHindex 2.28 (SD 6 0.42). Previous studies on healthy subjects have reported mean RH-index values around 1.9 to 2.0. 23, 25, 26 Statistics. Continuous variables are presented as median with interquartile range (IQR). c 2 statistics were used to compare categorical variables. Student t test was used to compare variables with normal distribution, whereas Mann-Whitney U test was used for nonnormally distributed variables. Changes in RHindex and plasma levels of ADMA, IL-6, IL-8, iCAM, and vCAM through the observation period were analyzed using a linear mixed model. All variables needed transformation before the statistical analysis. A linear mixed model also was used to examine for associations among changes in RH-index, ADMA levels with the concomitant day-to-day changes in MAP, and laboratory variables as covariates. Correlations between baseline variables were assessed with Spearman's ranked correlation coefficient (r s ) or Pearson's correlation coefficient (r). A 2-tailed P value ,0.05 was considered statistically significant. The SPSS 16.0 software was used for all statistical analysis (Chicago, Ill).
RESULTS
Study population. Patient characteristics including prior medical history, precipitating factors for acute heart failure, and in hospital procedures are presented in Table I . Most patients with CS presented with acute myocardial infarction and were treated with early percutaneous coronary interventions. Two patients in 215  216  217  218  219  220  221  222  223  224  225  226  227  228  229  230  231  232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268   269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321 this group had coronary bypass surgery during hospitalization. Treatment with intra-aortic balloon pumps and inotropes/vasopressors were applied in most patients. The open-heart surgical procedures prior to PC-HF included 4 isolated coronary artery bypass grafting (CABG) procedures, 4 aortic valve replacements (2 redo procedures), 1 mitral valve replacement and CABG, 1 composite graft replacement in the ascending aorta and CABG, 1 procedure on the thoracic aorta, and 1 redo closure of left ventricular rupture. No significant differences were found between the 2 groups with regard to the need for inotropic/ vasopressor support. However, the duration of IABP support tended to be longer for CS patients (P 5 0.057).
Baseline hemodynamic variables and laboratory variables are presented in Table II . Mean time from the onset of acute heart failure to the initial blood sampling and endothelial function measurement was, respectively, 17 and 19 h. CS patients showed on average more severe derangements in their blood gas at baseline suggesting a more profound hypoperfusion in this group. This coincided with significantly lower diuresis and systolic blood pressure. (Table II) . IL-6 levels decreased from baseline through day 4 for both CS (P 5 0.013) and PC-HF (P , 0.001) and was significantly lower on days 3 and 4 compared with baseline (Fig 3   Q1 , A). Similar longitudinal changes were observed for IL-8 levels with a significant decrease for both CS (P 5 0.004) and PC-HF (P , 0.001) (Fig 3, B) . IL-6 was negatively correlated with MAP in both CS (r s 5 -.57, P , 0.001) and PC-HF (r s 5 -.567, P , 0.001). Increased IL-6 levels at baseline also were associated with increased need for vasopressors in CS patients (r s 5 .65, P 5 0.02).
Circulating levels of iCAM and vCAM did not change from days 1 to 4 for any of the groups (Fig 3,  C and D) . iCAM and vCAM were correlated in both groups (CS r s 5 .66, P , 0.0001, PC-HF r s 5 .73, P , 0.0001).
Digital vasodilator function. Satisfactory measurements were obtained in 86 out of 94 potential recordings. Poor patient cooperation and failure to receive a readable digital pulse signal were the main reasons for missing data. The measured RH-index at baseline (day 1) was significantly attenuated compared with healthy controls (RH-index, 2.28) for both CS (RH-index 1.35, P 5 0.001) and PC-HF (RH-index 1.45, P 5 0.001). The baseline RH-index was not significantly different between CS and PC-HF (Table II) . Also, no significant changes were noted in RH-index for days 1 through 4 for CS patients (Fig 1, A, P 5 0.521) . In patients with PC-HF, the RH-index changed significantly through the observation period (P 5 0.019) and was increased at days 3 and 4 compared with baseline (Fig 1, A, P 5 0.011). The individual repeated measurements for both groups are displayed in Figures 1, B and C and illustrate the variability among patients both at baseline and during the course of their illness. At baseline, RH-index positively correlated with MAP in PC-HF patients (r s 5 .70, P 5 0.017). This association also was present when all recordings were pooled (r s 5 .55, P , 0.0001). RH-index also correlated to ADMA levels at baseline (r s 5 2.633, P 5 0.036) for CS patients but not for PC-HF patients. No correlation was found among the measured RH-index and systolic blood pressure, IS, or vasopressor requirements at baseline.
A linear mixed effect model was used to examine for associations among day-to-day changes in RH-index; the concomitant changes in MAP; and plasma levels of ADMA, IL-6, IL-8, iCAM-1, vCAM-1. In patients with PC-HF, increasing MAP and decreasing levels of IL-6 and IL-8 was associated with improvement in RH-index. The only significant correlate for improved RH-index in CS patients was decreasing levels of vCAM-1. We could not detect a significant association between the longitudinal changes in RH-index and ADMA levels in either of the groups.
ADMA. The measured plasma levels of ADMA are shown in Figure 2 . Baseline levels of ADMA in CS were similar to those measured in healthy volunteers (0.74 vs 0.79 mmol/L, P 5 0.67) but significantly elevated compared with PC-HF (0.55 mmol/L, P 5 0.04). A group difference also was found in the course of ADMA levels from baseline through day 4 (Fig 2) . ADMA levels increased in patients with PC-HF (P 5 0.001) and was significantly elevated compared with baseline at day 3 (P 5 0.017) and at day 4 (P 5 0.001). No significant longitudinal changes were observed for CS patients (P 5 0.58). Repeating the analysis excluding patients receiving hemodialysis or hemofiltration (2 patients in CS group) did not change these relations. However, a significant positive association was found between the longitudinal changes in ADMA and creatinine (P 5 0.032) through the observation period. Patients who underwent cardiopulmonary resuscitation prior to CS onset had significantly higher baseline ADMA levels (1.05 vs 0.58 mmol/L, P 5 0.003). In CS patients, baseline ADMA levels correlated with both lactate measured at baseline (r s 5 .85, P 5 0.001) and the maximal lactate measured within 48 h (r s 5 .90, P , 0.001). This association was not present in PC-HF patients. No correlations were found between baseline ADMA and the need for vasopressors or IS. Baseline ADMA levels did correlate with baseline MAP for PC-HF patients (r s 5 .73, P 5 0.007) but not for CS patients. No association between day-to-day changes in ADMA and changes in MAP, IL-6, IL-8, iCAM-1, vCAM-1 could be observed in either group.
In hospital outcome and organ dysfunction. Hospital mortality rates in CS and PC-HF was, respectively, 42% and 17 %. However, only 1 fatality occurred during the first 4 days of follow-up (CS group). No significant difference was found in RH-index and baseline levels of ADMA, IL-6, IL-8, iCAM-1, and vCAM-1 between hospital survivors and nonsurvivors. The maximal total SOFA score (excluding neurological subscore) for days 1 through 4 was not significantly different between CS and PC-HF patients (Table I) . 431  432  433  434  435  436  437  438  439  440  441  442  443  444  445  446  447  448  449  450  451  452  453  454  455  456  457  458  459  460  461  462  463  464  465  466  467  468  469  470  471  472  473  474  475  476  477  478  479  480  481  482  483  484   485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503  504  505  506  507  508  509  510  511  512  513  514  515  516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537 In CS patients, the SOFA score was correlated to baseline RH-index (r s 5 2.69, P 5 0.014), baseline ADMA levels (r s 5 .630, P 5 0.028), baseline IL-6 (r s 5 .62, P 5 0.03), and IL-8 (r s 5.78, P 5 0.007). Furthermore, baseline ADMA levels were strongly correlated to the hepatic (r s 5 .79, P 5 0.003) and respiratory (r s 5.77, P 5 0.004) SOFA subscores, whereas no significant associations were observed for the other organs including the kidneys (r s 5 .55, P 5 0.065). ADMA levels increased in 7 patients and decreased in 5 patients through the observation period. A negative correlation existed between the absolute change in ADMA levels and the degree of hepatic and respiratory dysfunction (r s 5 2.63, P 5 0.024 and r s 5 2.71, P 5 0.01, respectively). CS patients with failure of an organ other than the central nervous system or cardiovascular system had lower baseline RH-index (median 1.22 vs 1.51, P 5 0.01), elevated ADMA levels (median 0.58 vs 1.05 umol/L, P 5 0.005), and increased IL-8 (median 27 vs.150 pg/mL) compared with patients without organ failure. A tendency also was noted toward increased IL-6 levels in CS patients with organ failure, but this finding was not statistically significant (132 vs 343 pg/mL, P 5 0.202).
For patients with PC-HF, no association was found among SOFA scores and baseline RH-index, ADMA, or IL-6. IL-8 did, however, correlate to SOFA score (r s 5 .79, P 5 0.002). Accordingly, baseline RHindex, ADMA, IL-8, and IL-6 were not different in patients with organ failure compared with those without. Also, no correlation was found between the change in ADMA levels and any of the SOFA subscores. No association was evident among iCAM-1, vCAM-1, and SOFA scores in any group.
DISCUSSION
Our study shows that patients with the most severe forms of acute heart failure (ie, CS and PC-HF) are subject to a profound inflammatory insult evident by excessive circulating levels of IL-6 and IL-8, markedly higher than reported in acute decompensated heart failure and acute myocardial infarction. 9, 10, 27 These levels are comparable with the levels measured in sepsis. 7, 28, 29 This finding was accompanied by a sustained elevation in markers of endothelial activation. Although the systemic inflammatory insult and endothelial activation inflicted by open-heart surgery and use of extra corporeal Values are presented as median with IQR. CK-mb, creatine kinase mb; eGFR, estimated glomerular filtration rate; SVRI, systemic vascular resistance index. *First measurement after onset of CS or PC-HF. † Measured within first 48 h. ‡ n 5 6. eGFR calculated using the modification of diet in renal disease formula. § P , 0.05 compared with cardiogenic shock.
FLA 5.1.0 DTD TRSL400_proof 11 January 2011 2:17 pm ce 539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590  591  592   593 bypass is well described, 30 the cause and consequence of this in CS is less well understood. However, the previously described association between IL-6 levels and vasopressor requirements to restore blood pressure in CS also was evident in our study as high IL-6 levels were both related to low MAP and increased vasopressor dose. 6 The peripheral vasodilator function was assessed serially through the first 4 days after acute heart failure onset. The RH-index was impaired at baseline in both groups compared with healthy controls. This finding was, however, not uniform as several individuals had a preserved RH-index indicating a preserved vascular and endothelial function. A few prior studies have assessed vascular reactivity in shock and critical illness demonstrating impaired vascular response during reactive hyperemia. Kirschenbaum et al found an attenuated increase in forearm blood flow after reactive hyperemia in patients with cardiogenic and septic shock compared with healthy controls. 31 A similar observation was made in patients with severe sepsis using peripheral arterial tonometry similar to the present study. 29 The repeated assessments in our study also revealed a substantial individual day-to-day variation. This finding underlines that vascular function and probably endothelial function in acute disease are not static, which is an important consideration to make when assessing vascular function in acute versus chronic disease states. The mechanisms behind the apparent attenuation in vasodilator function and the changes observed through the course of the disease are likely to be multifactorial and probably a composite of prior vascular/endothelial function and a multitude of superimposed acute factors. The peripheral vasculature in CS and PC-HF is subject to an immense and changing stimulus from circulating hormones, the sympathetic nervous system, and local metabolic factors capable of modulating both endothelial and vascular function. [32] [33] [34] Also, fewer functional capillaries secondary to intravascular obstruction or oedema could blunt the reactive hyperemic response in critical disease. 35 The RH-index, as a measure of the peripheral circulations ability to respond to transitory local ischemia, is likely a result from all these factors. Being in part NO-dependent, the impaired RH-index at baseline could suggest a reduced endothelial NO bioavailability. 25 The negative relation observed between the endogenous NO-inhibitor ADMA and the RHindex at baseline in CS could suggest an inhibitory effect of ADMA on vasodilator function. However, no longitudinal association was found between the two to back up this hypothesis. Also, this relation was not observed in PC-HF. It is possible that attenuation of other important contributors to endothelium dependent dilation, such as prostacyclin or endothelium derived hyperpolarizing factor, play a bigger role. Interestingly, the observed improvement in vasodilator function in PC-HF was associated with a concomitant decrease in inflammatory cytokines. A transitory impairment of endothelial function after exposure to cytokines and transitory inflammation has been described in an experimental setting and possibly could explain the effects observed here. 36, 37 Furthermore, tumor necrosis factor a(TNFa) and IL-6 also have been shown to induce endothelium-dependent vasoconstriction in human arterial segments. 38 Role of ADMA in CS and PC-HF. Circulating ADMA levels were similar in CS and healthy controls. The normal values found in this study coincide well with a recently proposed normal reference value (mean 0.69, 95% confidence interval: 0.36-1.17 mmol/L) and other reports using a similar enzyme-linked immunosorbent assay technique. 39, 40 This is in contrast to previous reports measuring elevated levels of ADMA after acute decompensated heart failure and CS using highperformance liquid chromatography and mass spectrometry, respectively. 16, 18 A significant elevation was, however, evident in the most critically ill CS patients in our cohort with high arterial lactate and organ failure.
Translational Research
Baseline ADMA levels were suppressed in PC-HF, and although no pattern of change was apparent during the first 4 days in CS, ADMA tended to increase in PC-HF patients. This could possibly be caused by a hemodiluting effect of extra corporeal circulation, as initially suppressed postoperative ADMA levels previously have been demonstrated in patients undergoing openheart surgery. 41, 42 This consideration is important to make when using ADMA as a risk marker in critically ill patients in whom surgery has been done. The relatively suppressed ADMA levels in PC-HF also could reflect that, in our population of patients, this condition is more benign and that most of these patients were in a state of recovery as compared with CS. However, no indication was given that the degree or course of inflammation and endothelial activation were related to ADMA levels. Except for the observed correlation with MAP at baseline in PC-HF, ADMA levels were not related to blood pressure or vasopressor/inotrope requirements. Elevated ADMA levels were associated with the overall degree of organ dysfunction (SOFA score) and elevated systemic lactate in CS. Accordingly, CS patients with organ failure had significantly higher ADMA levels. In particular, this elevation was related to the degree of respiratory and hepatic dysfunction. Although baseline ADMA levels were not significantly correlated with the renal SOFA score, the longitudinal positive association between ADMA and creatinine were consistent with prior reports that ADMA accumulates secondary to renal dysfunction. 43 These observations are in line with findings presented in previous reports from patients with severe sepsis and in critically ill patients with organ failure. 17, 44, 45 Accumulation of ADMA is thought to occur mainly through reduced metabolism secondary to dysregulation and inhibition of the dimethylarginine dimethylaminohydrolase (DDAH). 46 This enzyme is highly expressed in both liver and kidneys, which are presumed to be the main routs for metabolic clearance of circulating ADMA. However, ADMA levels were highest in patients receiving cardiopulmonary resuscitation (CPR) either before or at the onset of shock. It is likely that these patients had the most profound systemic hypoperfusion. Unlike septic patients, the observed early elevated lactate levels in CS patients are likely a result of systemic hypoperfusion rather than liver failure. It is from the available data not possible to determine whether patients in shock already have accumulated levels of ADMA or if they develop this after shock onset secondary to acute reduction in hepatic or renal elimination. Increased ADMA levels in patients who had CPR and/or had elevated arterial lactate could indicate that ADMA as a marker of elevated risk in CS merely reflects the severity of hypoperfusion during shock. However, ADMA also could potentially play a causative role in hypoperfusion and development of organ failure through inhibiting the NO-mediated regulation of organ blood flow. 47 Although ADMA was increased in patients with failing organs compared with those without, these patients did not accumulate more ADMA during the observation period. On the contrary, ADMA decreased more in patients with the highest degree of hepatic dysfunction.
Our study did not support an association between the degree of systemic inflammation and circulating ADMA. In vitro studies on endothelial cells, however, have demonstrated that oxidative stress, stimulation with TNFa, and nitrosative stress resulting from an induction of inducible NO synthase cause an accumulation of ADMA secondary to reduced DDAH activity. 48, 49 However, increased DDAH activity secondary to stimulation with inflammatory cytokine have been reported in rat vascular smooth muscle cells, 50 and a mechanistic knowledge of the important metabolic responses and the regulation of the NOsystem and vasculature is still warranted.
LIMITATIONS
The vascular function measurements were performed in a clinical setting in the ICU/CCU on patients receiving several different pharmacological and mechanical treatments through the observation period. This lack of standardization could affect the quality of these measurements. Invasive hemodynamics were only measured in 1/4 of the patients, and thus, no evaluation of RH-index in relation to changing hemodynamics could be performed. Also, multiple statistical comparisons based on a limited number of patients inherits the risk of type I errors.
CONCLUSION
In this study, both CS and PC-HF were characterized by initially elevated levels of inflammatory cytokines suggestive of a profound inflammatory insult accompanied by an attenuated peripheral vasodilator function. The resolving inflammatory response was associated with improved RH-index in PC-HF patients, whereas no such relation was evident for CS patients. The circulating levels of the endogenous NO-inhibitor ADMA did not relate to the degree of inflammation or to the day-today changes in vasodilator function. However, in CS, ADMA, vasodilator function, and levels of inflammatory cytokines were correlated to the overall degree of organ dysfunction, and to hepatic dysfunction in particular. The increased ADMA levels in patients who had CPR and/or elevated arterial lactate suggest a relation between ADMA and the degree of hypoperfusion in CS.
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